It has been shown previously that tumor necrosis factor alpha-induced protein 6 (TNFAIP6) is essential for formation of the cumulus extracellular matrix and female fertility. Therefore, we studied the expression of TNFAIP6 mRNA in porcine preovulatory follicles. In addition, we asked whether the expression of TNFAIP6 mRNA changes in mural granulosa cells (MGCs) during the periovulatory period or after culture of oocyte-cumulus complexes (OCCs) or MGCs in vitro. Mural granulosa cells obtained from follicles on day 12 (D 12) and day 15 (D 15) of the estrous cycle, eCG-stimulated follicles, follicles at 4-32 h after hCG stimulation and MGCs and OCCs obtained from immature gilts and cultured for 0-44 h in vitro with gonadotropins were used for extraction of total RNA and assessment of the relative abundance (RA) of TNFAIP6 mRNA by reverse transcription-polymerase chain reaction (RT-PCR). The levels of TNFAIP6 mRNA were low in the follicles on D 12 and D 15 of the estrous cycle and at 66 h after eCG stimulation but were significantly increased at 4 h after hCG. The high level of TNFAIP6 expression was maintained until 16 h after hCG stimulation and gradually decreased at 24 and 32 h after hCG. During in vitro culture, FSH/LH-induced TNFAIP6 mRNA was expressed in both OCCs and MGCs in a similar temporal pattern as seen in vivo. We conclude that TNFAIP6 expression in the pig, like other species, increases in preovulatory follicles following the LH (hCG) surge. The OCC and MGC display similar patterns of TNFAIP6 expression under both in vivo and in vitro conditions.
(J. Reprod. Dev. 55: [231] [232] [233] [234] [235] 2009) uteinizing hormone (LH)-induced ovulation is a complex, inflammation-like process that results in the release of a fertilizable oocyte from the ovary in the oviduct [1] . In most mammals, before ovulation, cumulus cells synthesize a large amount of hyaluronan (HA), which is organized in a highly hydrated, mucoelastic matrix [2] . Several proteins have been identified as being essential for matrix formation and stability of the mouse cumulus-oocyte complex; among them serum-derived inter-alpha-trypsin inhibior (IαI) [3] and tumor necrosis factor alpha-induced protein 6 (TNFAIP6) [4] . Covalent transfer of heavy chains (HCs) of IαI to HA is a prerequisite for expansion of mouse oocyte-cumulus complexes (OCCs) [5] , and this also occurs in pig OCCs matured in vivo or cultured in vitro with pig serum or pig follicular fluid [6] . Several lines of evidence suggest that TNFAIP6 participates in transfer of HCs to HA and plays an essential role in regulation of female fertility. TNFAIP6 is produced in rodent ovaries by cumulus and granulosa cells after an ovulatory stimulus [7] [8] [9] [10] in parallel to HA synthesis by OCCs [7, 11, 12] . It is an inflammation-associated protein with the ability to bind HA, IαI and other ligands and participate in extracellular matrix formation and remodeling [13] [14] [15] . In the OCCs of TNFAIP6 null mice, covalent transfer of HCs to HA does not occur, indicating that TNFAIP6 is critically involved in this process [4] . Experiments using purified human IαI and recombinant human TNFAIP6 have confirmed that the TNFAIP6 protein has a critical role in HC transfer, with covalent complexes formed between TNFAIP6 and HCs (i.e. HC-TNFAIP6) acting as intermediates in this reaction [16] . Our recent study documented the presence of TNFAIP6 protein in expanding porcine OCCs and provided evidence that TNFAIP6 catalyzes the transfer of HC to HA in the pig cumulus matrix [17] .
Significant differences have been shown previously in the regulation of cumulus expansion between mice and large animal species; it is well known that porcine and bovine, but not murine, cumulus cells are capable of undergoing FSH-stimulated expansion in the absence of factors secreted by the oocyte [18] [19] [20] [21] [22] . Recently, gonadotropin-dependent biphasic induction of TNFAIP6 during ovulation was demonstrated in mares, the pattern of which different from that observed in rodents [23] . Moreover, Kawashima et al. [24] demonstrated a dramatic increase in TNFAIP6 gene expression in OCCs obtained from eCG (72 h)-treated gilts, but before application of hCG. To verify the indicated species-related differences, we studied the expression of TNFAIP6 in the pig under in vivo and in vitro conditions. The TNFAIP6 gene has recently been identified as a potential marker of oocyte developmental competence [25] . Knowledge of the pattern and relative abundance (RA) of TNFAIP6 expression might thus be explored for improvement of culture systems and evaluation of oocyte quality.
Therefore, we studied the temporal pattern of expression and RA of TNFAIP6 mRNA in porcine growing and preovulatory follicles. We assessed the changes in RA of TNFAIP6 mRNA in mural granulosa cells (MGC) during the periovulatory period and in gonadotropin-stimulated OCCs and MGCs cultured in vitro. For this reason, MGCs obtained from follicles on D 12 and D 15 of the estrous cycle, eCG-stimulated follicles, follicles at 4-32 h after hCG stimulation and MGCs and OCCs obtained at 0-44 h after in vitro culture with gonadotropins were used for extraction of total RNA and analyses of TNFAIP6 expression.
Materials and Methods

Isolation of mural granulosa cells from cycling gilts
To assess the in vivo expression of TNFAIP6 mRNA during the preovulatory period, samples were collected from the ovaries of 10-to 14-month-old cycling gilts crossbred between the Minnesota and Gottingen strains of miniature pigs. The gilts were examined daily for estrus and stimulated on D 15 of the reproductive cycle with 500 IU of eCG (Folligon; Intervet, The Netherlands) and 66 h after eCG with 500 IU of hCG (Pregnyl; Organon, Oss, The Netherlands). The gilts were slaughtered either 66 h after eCG injection or at different intervals (4, 8, 16, 24 and 32 h) after hCG injection. The ovaries were excised immediately after slaughter, and the MGCs were isolated from large preovulatory follicles (diameter ≥6 mm). In addition, tissues were isolated from the follicles of nonstimulated gilts slaughtered on D 12 and D 15 of the cycle (diameter: 4-5 mm). Samples for extraction of RNA from the collected tissues were prepared as described below. Procedures related to the care and use of animals were approved by the Animal Care and Use Committee of the Academy of Sciences of the Czech Republic and were performed in accordance with the Guiding Principles for the Care and Use of Laboratory Animals.
Isolation of OCCs and MGCs from immature gilts
Ovaries were collected from slaughtered gilts at a local abattoir. The follicular fluid of growing follicles 3-5 mm in diameter was aspirated using a syringe with a 20 G needle, pooled in a 15 ml tube, allowed to settle and washed twice with PBS containing 3 mg/ ml of polyvinylpyrolidone (PVP). The OCCs and clumps of MGCs of about 300 μm in diameter were retrieved from the sediment. To prepare samples for extraction of total RNA, 30 OCCs or 30 clumps of mural granulosa cells (both representing approximately 3 × 10 4 cells) were lysed in 350 μl of lysis buffer (Qiagen, Hilden, Germany) and stored frozen at -70 C.
In vitro culture of OCCs and MGCs
To evaluate the expression of TNFAIP6 mRNA in OCCs and MGCs during in vitro culture, the OCCs and clumps of MGCs isolated from the ovaries of immature gilts were washed and cultured in M199 (Sevapharma, Prague, Czech Republic) supplemented with 6.25 mM Hepes, 20 mM sodium bicarbonate, 0.91 mM sodium pyruvate, 1.62 calcium lactate, penicilin G (50 mg/ml) and streptomycin (50 mg/ml) (Sigma, Prague, Czech Republic). Only OCCs surrounded by compact, multilayered cumulus were selected for the experiments. Thirty OCCs or 30 clumps of MGCs were cultured in 300 μl of M-199 with 10% pig serum (Sigma) in four-well dishes (Nunclon, Roskilde, Denmark) at 38.5 C in an atmosphere of 5% CO2 in air. Expansion of cumulus cells was stimulated by addition of 100 ng/ml of FSH (Puregon; Organon) and 100 ng/ml LH (Luveris; Serono Austria GmbH, Wien, Austria) into the culture medium. The OCCs and clumps of MGCs obtained at 0, 4, 8, 24 and 44 h after in vitro culture were washed twice in PBS/PVP solution and used for extraction of total RNA.
Detection of TNFAIP6 mRNA by reverse transcriptionpolymerase chain reaction (RT-PCR)
Total RNA was extracted from OCCs and MGCs using an RNeasy Mini Kit (Qiagen). The concentration of the total RNA in the samples was measured with a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). The concentration was adjusted to 7-ng/μl with RNase free H2O. The RT-PCR was performed using a One-Step RT-PCR Kit (Qiagen) with gene-specific oligonucleotide primers against TNFAIP6 and actin beta (ACTB) as a housekeeping gene ( Table 1 ). The total RNA was reverse-transcribed and subsequently amplified in a reaction mixture (total volume: 25 μl) containing 5 μl of 5 × reaction buffer, dNTP mix (each 400 mM), 1 μl of Qiagen One-Step RT-PCR enzyme mix, 5 IU of RNasine inhibitor (Promega), reverse and forward specific primers (each 400 μM, Generi Biotech, Hradec Kralove, Czech Republic) and 6 μl of RNA-template. The reaction conditions were as follows: reverse transcription at 50 C for 30 min; initial activation at 95 C for 15 min; cycling comprised of denaturation at 94 C for 20 sec, annealing at the temperature specified for each set of primers for 20 sec and extension at 72 C for 30 sec; and a final extension at 72 C for 5 min. For ACTB and TNFAIP6, the numbers of cycles were 22 and 33, respectively. Thus, amplification of cDNA for both primers was terminated in the exponential phase of the PCR, as assessed in pilot experiments by the gradient method. To confirm the identity of the RT-PCR products with TNFAIP6, DNA was isolated from gel using MinElute Gel Extraction Kit (Qiagen) and sequenced using a Big Dye Terminator Kit V.3.1. (Applied Biosystems, Foster City, CA, USA) and an ABI Prism 310 (Applied Biosystems). The resulting sequence was identified using the Basic Local Alignment Search Tool [26] . Products of the RT-PCR were separated by electrophoresis on 1.5% agarose gel and visualized with ethidium bromide staining. The intensity of the specific bands was evaluated by den- 
Statistical analysis
Three independent sets of total RNA samples were analyzed in each experiment, and each RT-PCR was run in duplicate. One-way analysis of variance (ANOVA) followed by the Tukey multiple comparison test was used to evaluate the results of densitometry. The GraphPad Prism version 4 software (GraphPad Software, San Diego, CA, USA) was used for the statistical calculations. Differences were considered significant at P<0.05.
Results
Expression of TNFAIP6 mRNA in MGCs from in vivo stimulated gilts
The levels of TNFAIP6 mRNA were low in the MGCs from follicles isolated on D 12 and D 15 of the estrus cycle and in MGCs isolated from follicles obtained 66 h after eCG stimulation ( Fig. 1A  and B ). The RA of TNFAIP6 mRNA increased dramatically (10 times) within 4 h after initiation of the ovulatory process by hCG (eCG vs. 4 h; P<0.001) and remained high for an additional 12 h (4 h vs. 8 h vs. 16 h; P>0.05), but started to decline by 24 h after hCG to a level significantly different from those at 4 h and 8 h (P<0.01). The RA of TNFAIP6 in the MGCs collected at 32 h after hCG dropped to 50% of the maximum level but still exhibited about a five-fold increase compared with the level in the eCG follicles.
Expression of TNFAIP6 mRNA in OCCs and MGCs cultured in vitro
The RA of TNFAIP6 mRNA exhibited significant changes in OCCs during in vitro culture in medium supplemented with gonadotropins ( Fig. 2A and B) . TNFAIP6 mRNA was almost undetectable at 0 h, increased significantly at 4 h (0 h vs. 4 h; P<0.001) and remained at this high level until 8 h (4 h vs. 8 h; P>0.05). At later intervals, the level gradually and significantly decreased (4 h vs. 24 h, P<0.01, and 8 h vs. 24 h, P<0.001). Assess-ment of the RA of TNFAIP6 mRNA in MGCs ( Fig. 2A and C) revealed that there was a strong resemblance between the pattern of TNFAIP6 expression in the cultured OCCs and MGCs. Again, the RA of TNFAIP6 mRNA significantly increased at 4 h after FSH/ LH stimulation (0 h vs. 4 h, P<0.001), and no significant differences occurred between 4 h and 8 h (P>0.05). The RA of TNFAIP6 then significantly decreased after 24 h (8 h vs. 24 h, P<0.01; 8 h vs. 24 h, P<0.001). The intensity of the TNFAIP6 mRNA signal was the same in the OCCs and MGCs ( Fig. 2A) , indicating that expression of TNFAIP6 may be similarly high in both compartments of the follicle. The sequence of the TNFAIP6 primer-amplified product was 100, 92, 91, 90, 90 and 86% homologous to porcine (AK230981.1), bovine (BC151789.1), non-human primate ( X M _ 0 0 1 1 3 6 3 9 2 . 1 ) , h u m a n ( N M _ 0 0 7 1 1 5 . 2 ) , e q u i n e (NM_001081906.1) and mouse (XM_001473344.1) TNFAIP6, respectively.
Discussion
In the present study, we demonstrated the pattern of TNFAIP6 mRNA expression in porcine preovulatory follicles. The RA of TNFAIP6 mRNA in the MGCs was 10 to 15 times higher at 4 h after stimulation with hCG than in the MGCs obtained from follicles on D 12 or D 15 of the estrus cycle or 66 h after eCG stimulation. This level remained consistently high during the preovulatory period at 4-16 h after stimulation and gradually decreased at 24 and 32 h, which is when expansion of cumulus cells reaches the maximum. A similar pattern of expression was also observed during in vitro culture and expansion of FSH/LH-stimulated OCCs and in MGCs; the RA of TNFAIP6 mRNA increased approximately 10 times at 4-8 h of culture, and weak but significant decreases occurred at 24 and 44 h. Thus, the onset of pig cumulus expansion in vivo as well as in vitro seems to be regulated by gonadotropin-induced increases in the TNFAIP6 mRNA concentrations of OCCs and MGCs.
The temporal pattern of TNFAIP6 expression presented in our study is in agreement with the data published for rodent models. Yoshioka et al. [8] reported that ovarian TNFAIP6 mRNA expression reaches a peak within 4 h after initiation of the ovulatory process by hCG, and that it remained elevated for an additional 4 h but then declined by 12 h after hCG, the time of ovulation in the rat. A very similar pattern TNFAIP6 mRNA expression has been observed in mouse preovulatory follicles [10] . Recently, Sayasith et al. [23] demonstrated a different pattern of gonadotropin dependent regulation of follicular TNFAIP6 during ovulation in equine follicles. The results of semi-quantitative RT-PCR/Southern blot showed that the levels of TNFAIP6 mRNA in mural granulosa and theca cells were low in follicles obtained at 0 h, increased at 12 h, returned to basal levels at 24 h and increased again at 36 h post hCG. Thus, in contrast to rodents, the temporal pattern of equine TNFAIP6 expression was prolonged and biphasic in granulosa and theca cells. These species differences may arise from distinctive characteristics of preovulatory follicular development and ovulation in mares compared with rodents, such as the large diameter of the ovulatory follicle (40-50 mm), relatively long ovulatory process (39-42 h) and follicular rupture at a specific region of the ovary [27] . In rodents, the expansion process appears limited to the OCC. In contrast, the preovulatory rise in gonadotropins in mares causes extensive expansion of the entire mural granulosa cell layer characterized by an abundant accumulation of extracellular matrix [27] . Even though the length of the ovulatory process and involvement of the MGC in formation of a stalk of expanded cells in gilts [28] are similar to mares, we have not been able to confirm a biphasic pattern of TNFAIP6 gene expression in the pig. The second rise in TNFAIP6 mRNA in mares coincides with activation of cyclooxygenase 2 and may thus reflect an assumed role of prostaglandin in the production of TNFAIP6 [23] . Alternatively, this pattern of TNFAIP6 expression may be typical of the monoovulatory species. Altogether, we can conclude that in the pig, as in other species [7] [8] [9] [10] , TNFAIP6 is produced by cumulus and granulosa cells after an ovulatory stimulus. Our results do not confirm the findings of Kawashima et al. [24] , who detected a significant increase in TNFAIP6 mRNA in pig OCCs collected 72 h after eCG stimulation, i.e., before application of an ovulatory dose of hCG. TNFAIP6 not only colocalizes with HA in preovulatory follicles [10] , but the time course of its expression is very similar to that observed for hayluronan synthase 2 (HAS2) [7, 23] , indicating that HA and TNFAIP6 are regulated in a concerted way. We have recently shown that FSH induces HAS2 mRNA expression in cultured porcine OCCs during the 2 h after stimulation, that the expression further increases at 4 h and 8 h of culture and that it decreases after 20 h of culture [29] . Therefore, the temporal patterns of TNFAIP6 and HAS2 mRNA expression are very similar in cultured porcine OCCs. This finding further strengthens the hypothesis that TNFAIP6-mediated covalent transfer of HC onto HA synthesized by cumulus cells is a mechanism common to mammalian OCCs. Direct evidence for such a role for TNFAIP6, in pig OCCs was generated by stimulating pig OCCs with FSH and pig serum in the presence of the anti-human TNFAIP6 monoclonal antibody A38. Under these culture conditions, neither the TNFAIP6-HC species nor HCs were present in the matrix extract, indicating that the A38 antibody successfully blocked TNFAIP6/ IαI interaction and, consequently, HC linkage to HA [17] . In rodent follicles, expression of TNFAIP6 mRNA appears to be limited to cumulus cells and granulosa cells, in which the expression decreases from the inner to the outer layers [8] .
In mares, TNFAIP6 is also expressed in theca cells, which may reflect other roles of TNFAIP6 in equine preovulatory follicles [23] . Here, we demonstrated expression of TNFAIP6 mRNA in both cumulus and mural granulosa cells following gonadotropinstimulation in vivo and in vitro. Moreover, assessment of the RA of TNFAIP6 mRNA during in vitro culture of OCCs and MGCs revealed that there is a strong resemblance between OCCs and MGCs in TNFAIP6 gene expression, in terms of the temporal pattern and quantity of mRNA. We can thus conclude that TNFAIP6 mRNA is expressed in not only the OCCs of the pig but also the MGCs after stimulation with gonadotropins. In summary, we have shown in this study that TNFAIP6 is expressed in pig preovulatory follicles soon after the LH (hCG) surge and that its expression decreases beyond 24 h. OCCs and MGCs display the same pattern of TNFAIP6 expression, and their patterns are also similar under in vivo and in vitro conditions. These results are consistent with the idea that TNFAIP6 acts in preovulatory ovarian follicles in a coordinated way with HAS2 expression.
